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Fig. S1. Fast frame imaging using different stabilization techniques
Fast frame imaging (15 frames per second) of the beating heart is shown when using our stabilization methodology and when using a traditional cover slip compressive approach. When a compressive cover slip is present, motion artifacts can be clearly seen in all images (a). In addition due to a lack of reproducibility in the motion, images taken at different times t1, t2, t3 (but within the same "temporally stabilized window" T within the ECG) are completely different from one another. In contrast, our imaging methodology shows that the acquired images (b) are free of any motion artifacts and are completely reproducible over time (t1, t2, t3). Fluorescent staining of myocyte nuclei is depicted in green (Hoechst 33258); fluorescent lectin staining of capillaries is depicted in red. Scale bars, 20 microns. Drawing and close-up view of the image stabilizer. Scale bars, 2.2 mm. A comparison of images obtained using our reconstruction method and the motion stabilizer in confocal (upper panel) and multiphoton microscopy (MPM; lower panel) modes. Images are shown as a function of depth within the myocardium. Multiphoton microscopy allowed deeper imaging (ca. 150 microns) within the myocardium. For vasculature staining, the mouse was injected with 50 muL of a 10nM solution of Griffonia simplicifolia-I lectin (Ex 550nm, Em 575nm). Images were acquired using a 25x water immersion objective (Olympus, XLPlan N NA 1.05). Scale bar, 25 microns. The images (a,b) compare "gating time windows" from two different regions of the ECG trace (before and after the P wave). As shown clearly in the reconstructed images, motion is highly reduced and compensated in the time window following the P wave (t 2 ). Images at other time windows (e.g. t 1 ) are still possible but are severely affected by artifacts. Fluorescent lectin staining of capillaries is depicted in red; fluorescent signals from the vascular pool agent Angiosense-680 are depicted in blue; GFP-expressing bone marrow cells are shown in green. Images were acquired using a 10x air objective (Olympus, UPlanFL N NA 0.30). Scale bars, 200 microns.
Fig. S5. Stabilized images with ECG and respiratory gating.
Image acquisition was synchronized with both the respiration (red trace) and cardiac cycles (blue trace). An optimal acquisition time window was then identified within the respiratory cycle, which was approximately 90 ms in length and localized near the end of the expiration phase. Within the ECG cycle, an end-diastolic time window of approximately 15 ms was identified, which was set after the P wave but before the QRS complex, when motion in the left ventricle is at a minimum. To obtain stabilized images (bottom figures), only data from time points where the intersection of the two time windows were different from zero (#2 and #4 in figure) , were included. By inserting a fixed time delay after detection of the P wave, images from other phases of the ECG could likewise be obtained. When respiratory information was not considered and only data from ECG cycles were collected, breathing artifacts resulted in a negative impact on the reconstructions; this is clear from the top two figures. Images were acquired using a 20x MicroProbe objective (Olympus, IV-OB13F20W20; second column) or a 10x air objective (Olympus, UPlanFL N NA 0.30; third column). Scale bar left column, 50 microns. Scale bar right column, 200 microns. The presence of the stabilization holder had no effect on either the micro or macro circulation in the myocardium region with which it was in direct contact. (a) The holder was gently positioned and glued onto the heart surface. Lectin was injected intravenously via tail vain and its signal detected as a function of time. It is clear in the comparison of images before and after injection that optimal perfusion was maintained. FITC-labeled beads (5 micrometers in diameter) were injected at the beginning of the experiment in order to obtain a point of reference within each stabilized image frame. Scale bars, 10 microns. (b) After injection of lectin, a blood pool contrast agent (Angiosense-680) was delivered via tail vain injection (Supplementary Movie 1) . A comparison of images obtained before and after injection verified good vessel perfusion. Scale bars, 50 microns. Images were acquired using either (a) a 20x MicroProbe objective (Olympus, IV-OB13F20W20) or (b) a 6x MicroProbe objective (Olympus, IV-OB13F67W20).
Fig. S8. ECG pre, during, post-intravital imaging.
ECGs acquired at different times before, during, and after intravital imaging sessions each performed using our motion stabilizer. (pre) An ECG collected before positioning the stabilizer on the heart's surface. (during) An ECG collected during the intravital imaging session, after the stabilizer had been gently positioned on the heart. The ECG was sampled 15 minutes after the beginning of the of imaging session. (post) An ECG at the end of the intravital imaging session 10 minutes after removal of the stabilizer. No noticeable differences are seen in the ECG signals, which indicates normal electrical heart activity. Ripples in the ECG signals are due to the 60Hz AC frequency components.
Fig. S9. Prospective-gated cardiac MRI pre-and post-intravital imaging.
Ejection fraction was measured via cardiac MRI for n=4 mice before and two days after intravital microscopy. The ejection fraction was calculated from (a) 6-8 cine short axis imaging slices covering the left ventricle. Scale bars, 2mm. (b) Quantitative assessment (n=4) showed no change in ejection fraction. Data are reported as mean +/-standard deviation. MRI experiments were performed on a 7 Tesla Pharmascan (Bruker) system equipped with a mouse cardiac coil in birdcage design (Rapid Biomedical), which was used to obtain cine volumetric short axis images. Animals were anesthetized with 1% isoflurane by nose cone and placed into the coil in a prone position. Electrodes were attached to the front left paw and right leg for ECG gating and vital signs were monitored using a gradient echo sequence (echo time 2.6 ms, 16 frames per RR interval; flip angle 30 degrees; in-plane resolution 200x200 µm; slice thickness 1 mm). The animals were kept warm by blowing hot air into the magnet. Air flow and the anesthesia level were manually regulated to maintain a constant heart rate. 
CD11b immunoreactive staining. (a)
The heart was imaged in vivo using the motion stabilizer. After the intravital imaging session the heart was explanted, embedded in OCT (Sakura Finetek), and 6-µm thick sections were cut. Sections were stained with antibodies for CD11b, a surface marker for myeloid cells. This antigen is expressed by neutrophils, monocytes and macrophages, the major cell populations recruited should the imaging procedure induce injury (b) An image of a control heart processed as in (a).
No tissue damage or inflammatory activity was apparent in the imaged the heart. Scale bars correspond to 1 mm and 200 microns respectively. Fluorescent microspheres are frequently used to measure cardiac perfusion in mice 26, 27 . We used this technique to determine whether the application of the stabilizing ring impedes perfusion of these microspheres into the cardiac muscle underlying the imaging window. After positioning the stabilizer ring, fluorescent beads were injected into the cardiac tissue. If the setup hampered tissue perfusion, microsphere counts would be seen to differ between imaged areas and remote myocardial tissue. However, as shown in the figure, the distribution of the beads in these two regions (n=7) was very similar. This verified that the setup did not result in functional microperfusion abnormalities. Data are reported as mean +/-standard deviation. Comparison of images obtained either (a) with the use of the motion stabilizer and the retrospective ECG-gating approach, or (b) post-mortem. Images were of the same area. In order to avoid long waiting times and to maintain the heart in the same position as much as possible, the mouse was injected with a cardioplegic potassium chloride solution to arrest cardiac contractions (and thus suppress any motion artifacts). The heart was then immediately imaged post-mortem without fixation which would have introduced shrinkage. The images obtained from both techniques were virtually identical and showed a high correlation. This comparison thus serves to demonstrate the robustness of our methodology. For capillary staining, the mouse was injected intravenously with 50 muL of a 10nM solution of Griffonia simplicifolia-I lectin (Ex 550nm, Em 575nm). The red ring indicates the border of the objective's field-of-view. Images were acquired using a 20x MicroProbe objective (Olympus, IV-OB13F20W20). Scale bars, 50 microns. Unlike standard two-dimensional median filtered data (not shown), the BM3D-filtered data resulted in excellent images that preserved the high frequencies of the image spectrum. The images were acquired using a 20x MicroProbe objective (Olympus, IV-OB13F20W20). Scale bars, 20 microns.
